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Art. I.— On the Longevity of Seeds. 

By ALFRED J. EWART. D.Sc., Pii.D., F. 

Government Botanist ancl Professor of Botany in the 
University of Melbourne. 

With an Appendix by Miss Jean White , M.Sc. 

(Published with the permission of the Hon. G. Swinburne, M.L.A., 
Minister for Agriculture ). 1 

[Read 12th March, 190S], 

Probably few sections of human knowledge contain a larger 
percentage of contradictory, incorrect and misleading observa¬ 
tions than prevail in the works dealing with this subject, and, 
although such fables as the supposed germination of mummy 
wheat have long since been exploded, equally erroneous records 
are still current in botanical physiology. In addition there are 
considerable differences of opinion as to the causes which deter¬ 
mine the longevity of seeds in the soil or air. The works of de 
Candolle, Duvel and Becquerel are the most accurate and com¬ 
prehensive dealing with the question, and in addition Vilmorin 
has published very useful data in regard to the seeds of culinary 
vegetables. The subject is still, however, in an incomplete and 
frag m en tarv condition. 

Shortly after my arrival in Melbourne, in a locked cupboard 
received from the late Prof. McCoy’s old Natural History depart¬ 
ment. two large packages of named seeds were found, including 
over 600 different sorts. The packets were all numbered and 
named, and accompanied by a list, dated 1850, and marked 
“ Seeds of Kew ” The paper, however, of the list and packets 



1 With the aid of a special grant from the Agricultural Department. 
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boro an 1856 watermark, and on reference to Kew. Dr. Drain 
considered the 1850 to be probably an error for 1856. On fur¬ 
ther investigation it was found that when the University of 
Melbourne was founded, Baron von Mueller sent these seeds to 
Prof. McCoy for the University garden, but as the garden was 
not ready the seeds were placed on one side and replaced later by 
fresh sendings. The original 1856 sets of seeds became subject 
to Prof. McCoy’s remarkable powers of collecting and storing 
material, and remained unopened and untouched in a dry, airy, 
dark cupboard, shielded completely from vermin, until the Uni¬ 
versity’s 50-year Jubilee in 1906. 

These seeds were tested at first in soil, but this was soon found 
to be unsatisfactory. Subsequently all were soaked in water 
after counting, hard seeds specially treated to make them swell, 
and then placed on filter paper in glass dishes kept in a 
germination chamber. The elaborate methods used by Becquerel 
are less satisfactory than a daily inspection of the material, and 
renewal of the filter paper or washing whenever necessary. All 
the seeds were, before being finally rejected as non-germinable, 
tested by crushing or hand-lens examination. Prior to this they 
were exposed to licrht and to a raised temperature of 30-40 deg. 
C. for some time, whereas during the early period of each test 
every batch of seed was approximately at a temperature of *25 deg. 
C., and in feeble light or darkness. 

About 200 sets of 10-year-old seeds were obtained from Mr. 
Maiden, and Mr. Baker, of Sydney, and from Prof. Stirling, of 
Adelaide. The remainder came from the National Herbarium, 
either from dated specimens or from stored dated seed which 
had been used in the past for exchange purposes. A total of 
nearly 3000 tests were made, although many, being made in 
duplicate, appear once only in the alphabetical lists. With these 
are incorporated all the previous records I could find, so that 
these could be verified or corrected, as might be the case, and 
the list made as comprehensive as possible. In addition the list 
includes a. number of observations by Darwin, Berkeley. Giglioli, 
Duvel and others on the resistance of seeds to sea-water, and to 
other injurious agencies or conditions, including burial in the 
soil since these are factors in longevity. 
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The first column gives the name of the seed, the second the 
age in years, the third the number of seeds tested 1 , the fourth 
the percentage germinating (which in nearly all previous records 
is omitted!), and the fifth the author making the observation 
and any remarks as to treatment. If no author’s name is given 
the observation is original. To save frequent footnotes, a 
reference list of the chief works consulted is appended beneath. 
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Years No. of Per eent. 

old. Seeds. Germ. 

braehybotrya, Benth. - 57 - 50 - nil - Swelled water. 
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ditto - 54 - 100 - 4-5 min. 10 per cent. KHO, then 
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Alphitonia excelsa, Heissek. - 12 - 50 - 74 - Sw. water. 

Alnus acuminata, 11. B. and K. - 50 - 49 - nil - 

cordifolia., Tenore. IS - 150 - nil - 


Years No. of Per cent, 

old. Seeds. Germ. 

glutinosa, Medic. - 10 - 250 - nil 

ditto - 18 - 200 - nil 


14 


Alfred J. Ewart: 


o 

03 

.5 

a> 

tJD 

c3 

£ 

xn 


o 

Ph 


G 


o 


a a *fl 


oo co i 

lO 00 < 


I XO O 
> CO CO 


G G G 


CO O J 

>—I 1 


c o , 

o 'rH I 

03 


c c c n c: ^ 

>1) CO >1 CO -f! 


£ 


rs 





d 

‘Sh 


coo 

M3 

© 

d 


o © 

© 


13 



13 13 

13 



£ 






go 


<i ■< 

< 


i—^ 



_ _ _ 

J, 

G 


*3 ^ ‘5 


G G G 

*G 

00 

i 

o 

i© o o 

Cl o c c 

_ 

Cl 

03 

»o O 30 

TTl 

lO 03 03 

03 

’ —l 

i 

c<3 

1 

r-H 

, 

o 

>o 

o CO o 


i—i 1© 1© 

r© 

lO 

I— 1 

>1 1—t 

no 

i© r-i 

’— 


G G 


CO O 


13 

CD 


c3 

o ® 


G 

£ 

of 

s 


03 


o 


c 

© 

C? sT: 

go «; 


c3 '£ 
" -P d 

iS & 


o g 

-P CD 
-P * 

IP c 


O O ' 

—> -P . 
-P -P 

,p C *3 ’ 


'5c ^ 

G > d 

r <D M3 ci ~ 

5;=OQ 

G 


1 'S ^ 

Ph 

j C/3 G 


i _ _ M2 C 

| O O p J2 

i -+-> ■+-»•'- t* 

I .12 .t3 ^ * <£ 

■ T3 3 . G C 


« c5 
© 4) 
r/i 03 
O C 


G G § 

O 

^•2 

3- £ 

G 

GO 




: g*M 

1 ^ J 


>■* 

<! 


Longevity of Seeds. 


© 


O 

CO 


Cu 


© 

fin 


© 

© 

03 


O 

cc 

.s^ 


© 

<5 


d d 

o 


> d 

0 0 

© © 

© 

© © 'q © ^ 

d 45 

© © 

03 03 


03 03 ^ ^ 


0 0 

< < 

< 

<3 -ij c -ii c 


< <5 


§ 


G S G 


h ^ M ^ <m ; 
£ C5 © '«+ ~ O 


G S G G 


0^0000 OC OOiOOQO O O. OOOOiO Cl O O 

Cl ,—i Cl C1 t— Cl 3 "M 'M O Cl >C Cl Cl Cl O Cl Cl ri ci O O 

Cl .—i — Cl Cl 


‘r— 0 0»-000 O t— O i 

§■5 hoh«l-5ho-> 


oi-oooo^ 

j— O H r-H O )C lO 


£ 5C 

w "5 

35 . 

cS u 


o * 

-+-> G 
,t3 X! 


> ’O 

T*~© 


'Sg 
§ >r 2 


„ cr. 
zr. © , 

2 rs 
2 ’£ ■ 
£ -p 

© 

© rG 


-2 L. 

O ^ ' 
rv* 


s a » 42 


. 35 ''«! « 1 

^ 2 S S J 

e ‘-£ ^ "g % 
o oi 43 '-P ~p 2 

4J cia o 

-4-^ . i—> -J r— i--* 

^ i aj ci 

® ^3 


rfc* 


. © 
i 03 . 


' r B +3 *g 


- 4 -^ -m G G G 


^t-4 «4H __Q 03 G3 


3 ci 

: g 

! -ti ■ 


15 


ditto - 18? - - few - Peter. Supp. age in soil, 

ditto - 18 - 150 - nil - 

ditto 20? - - few - Peter. Supp. time in soil. 




Years No. of Per cent, 
old. Seeds. Germ. 

ditto 36? - - few - Peter. Supp. time in soil, 

ditto - 40 - 128 - nil - 
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Years No. of Per cent, 

old. Seeds. Germ. 

ditto - 1 - 88* - 83.5 - Duvel. Buried deeply, 64 per cent, 

ditto - 8 - 100* - 50 - Vilmorin. Ext. limit, 10 yrs. 
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Years No. of Per oent. 
old. Seeds. Germ. 

Artemisia Abrotanum, L. 15 - 20 - nil - A. de C. 

Absinthium, L. (Worm-wood). - 4 - 100* - 50 - Vilmorin. Ext. limit, 6 yrs. 
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ditto - 51 - 26 - 7.7 - After long soaking, 

hamosus, L. (Worms). - 3 - 100* 50 - Vilmorin. Ext. limit, 8 yrs. 

ditto - 50 - 44 - nil - 



Years No. of Per cent, 

old. Seeds. Germ. 

ditto - 83 - 350 - nil 

Tragacantha, L. - 50 56 - nil 
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regia, Thoms. 

Banksia coliina, R. Br., var. priono- 


24 


A If) 'ed J. E ? ra rt : 


fcJD 

G 


n3 

O 


g 

o 

to 

G 

’-M 

ci 

o 

<53 

m 

£ 

G 


<X> 


ce x 

* W 


G 


a a 


w 


G . 

o 

© £ 2 © 

H3 G 

<i ^ > < 


G >> rj 


o 

© 


G G 


G 'S 'S '5 ^ S h ^ § 


G G c 


^ g o a 


°T3 crq t>- 

oS 

fciM 


* 

^OOiOOOSOOO 


* 

o O O CD 
(MOlDC 
O <M — 

<M 


O o oo o 

m »—i 


rt T3 ^ ^ 
0)7 ; h iO 


O 


ONlONW>0>ON(DlOO 
o lO H 50 1 —i^lTh 


LD lO O 
r-4 IG O 


3COOO 


G 

-O 


£ 

cf . Jh‘ 

C3 p3 ® 

.G cf.2 

^ G <X> 


G CC 
G ^ 

g c2 

GC 

O G 

«4-i Ga 

'§>!§ 

42 t 

0- © 

.a t> 


: *c 

I G 

L bt> 


fe 


£ 

■5b 


r n 

G 


O h4 ’ 


j - : 


o 

■M 

G.^. 


c3 

m 


O G O -S 

5 s?** § 

ri H3 -go 

G 

G4 *2 

J-. S-i 

C3 c2 

?5 M 


O ■ 

c« 


* ^ 
: g 


o o 

-u -u 
+j -<—* 

^3 3? 


«S 

© 

U 

d 2 

K c 

J- 3 

,2 Gh 

G 


Longevity of Seeds . 


25 


tc 

g 


a 

co 

o 


tc 

G 


o 

53 


u 

<v 


<d -*-< 
o 
ci 


C O 


O 03 

G 

? ® >> 
g* „® 

•■3 rq *— 1 

_ c ~ 

O a 

O G U 
G 


Q-> cj 

“XU 

o G 

d&O 
3 ~C 


CS 


ii G3 4i .S 

*G .2 * _ 

ibis's 

a £ *r 

1 ^ =° 
* .£ . 'E 
^ o c . 

^ 'l > S ^ 

q G rG o 

(5 £ > P5 


G G 


G G 

o r 
^ £ , 


G 

O C" £ _ 

Q-, - £ •- 
c 03 g 
t> >- r v ^ 

S“ g.s 


G-,_® JG 

G ‘o ~ 


; d ^ 02 g 


h , d) 

• 4§ G 




G G G G G 
O G O O C < 

Ph « P5 ■ 


» £ 
o u 

J5 


.G O G G G G G G 

g^gggggg 


g'O O © iG ■ 

CS C 1QN 


O Cl 


O IG CO r- 

iG Ci 


o 

CO 


©OOOOCICG© 
O O Cl f-h »-h Cl 


* * Cl Cl Cl Cl Cl Cl 

CO O X M X Cl 

S2°ccooic2 


©OClOOOOO 
>G h i—i tG »G »G »G >—i 


- C Cl Cl Cl Cl Cl Cl Cl 


c 

o 


tt a 

o o 

C5 > 
G V2 

i- 


C ‘ 


b S 


X .q * 


cf s s 

tew ? 
.£ 2 
s .2 

> 73 


. X r 

) s- 

: «? §o 


t» ro 

■c ■ 


.® 0 cs C3 




fcJD tC _S £ : 
'g 3 ■ - dun 

►. n-5 **G ! 


d> 

fe 

« 


O 

C5 


OOCC CCCOGC 

-4—> -*— 1 wJ 4J) -4—> -4-^ -t_> -4-> -*—> -|_P 

G G G G G G G G *3 >r O 




26 


.-1 Ifretl J. Ewart : 


i> E 
o c 


d d 




2 

no 


no* 




50 

no no 
q q 

. no 3 

ra 2 o 

no* 

© 


q 

o 

03 

O 

in 

d c: 

c^2 

•r 

"q 

So 

be 

-tS> -+J 

K 2 fee 

O 

GO 



GO to 


P2 

rt 

q 

q 

’o *o 

© 50 © 

© 

M 

© 

© 

© 

l-H 

bc.~ bo 


bo 

be 

be 

GO GO 

« 4J 03 

v» 

d 

a 

02 

.M . M 






2 © .2 S 

&h 2 Oh 

£< 

Cu 

Oh 

O. 

2 

d. 

O fe O k 

3 53 3 

3 

o 

3 

o 

d d 

CO CO CO 

05 

C/5 

05 

CO 

Ah Sh 





Q 

. Sh . Sh 

u q u 

Sh 

u 

u 

j-i © 

s-i © u © 

© © © 

© 

© 

© 

© 30 

^ ^ 1H 

© © © 

© 

"© 

© 

2 

Hn-<3 

Ph Ph P* 

Ph 

P* 


Ph ^ 

^ _ _H 

^ ^ 

£ rP 

^ rp 

g - 

g rp 2 

S 5 Jh S £ 

S ,© Q © 03 

© p 

© q 

© q 

© p ~ 


* 4—l GO t *’~* 

=H-t 

U-4 

%-H 

<u~i 




O O' 
O CM 


O -30 O lO o 
’— 1 C CO ^ 


o 

iO 


o 

CM 


>o 

<M 


O 

JO 


o ° 
s oi 


OOOOCO'M^mOOO'MOwl 


.2 2 

U * 

2 ©k 

©CO - 
to 
‘ P 


k— r- j-. 

c5 <D 
_T © O 
K 'S W 

= 3 J 

C3 

fcfi.2, CIh 


> > 


hP J ^ J 

'OOOOOOO'OOO 

-+J -t~> -i-> -t-> -v 

_ -*-> 4-» -*-* 

no n3 n3 2 ^ ^ n3 no rtf no hO nO nO 2 nO HO n3 


O O O O _T 


© £ 
CP PP 
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pilosa, L. - 50 - 215 - nil - 
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tripartita, L. - 57 - 100 - nil - 

Bifora dicocca, Iloffm. 15 - 20 - nil - 
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cainpestris, L. (Swede). - 5 - 100* - 50 - Vilmorin. Ext. limit, 10 yrs. 

cainpestris, L. 12 5 - Nobbe. 

ditto - 1 - 96* - 80 - Duvel. Buried deeply, 0.5 per cent, 

cainpestris, L. (Rape). - 10 - 250 - nil - 

campestris, L., var. chinensis, L. - 5 - 100* 50 - Vilmorin. Ext. limit, 9 yrs. 
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ditto - 2 - 10 - 80 - Rom. 1 yr. in ether or chloroform, 

ditto - 2 10 - -GO - Horn. 1 yr. in hydrogen, 

nigra, Koch (Black Mustard) - 4 - 100* - 50 Vilmorin. Kxt. limit, 10 years. 





Years No. of Per cent, 

old. Seeds. Germ. 

oleracea, L. 1 85.5* 82 - Duvel. Buried in soil; all died, 

oleracea, L. (Cabbage). - 5 - 100* - 50 - Vilmorin. Ext. limit, 10 yrs. 
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lUmias orientals, L. (Hill Mustard). - 3 - 100" - 50 - Vilmorin. 

ditto - 15 - 20 - nil - A. do C. 

Bupleurum baldense, Host., var. tenui- 28 - 150 - nil - 

folium, Pourr. 
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Years No. of Per cent, 

old. Seeds. (term. 

officinalis, Moench. - 60 - 60 - nil 

Oalandrinia calyptrata, J. Hook. - 57 - *300 - nil 

discolor, Schrad., var, speeiosa, 57 - 600 - nil 
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Years No. of Per cent, 

old. Seeds. Germ. 

Chamaescilla eorymbosa, F. v. M. - 37 - 35 - nil 

Cheiranthus Cheiri, L. (Wall Flower). - 50 - 160 - nil 
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> Coreopsis lanceolata, L. - 85 20 nil 

ditto - . r )0 - 170 - nil - 

Coriandrum sativum, L. (Coriander). - G - 100# - 50 - \ ilinorin. Ext. limit, 8 yrs. 

sativum, L. - 1G - - nil - Ciglioli. In hydrogen. 


Years No. of Per cent, 
old. Seeds. Germ. 

Cornus Amomuin, Mill., var. seriuea, L. - 67 - 55 - nil 

candidissima, Mill, var. paniculata, 67 - 30 - nil 

L’Herit. 
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Cotoneaster bacillaris, Wall, 
buxifolia, Wall. 

buxifolia, Wall, var. affinis, D. 0. 
buxifolia, Wall, var. marginata. 
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Pyracantha, Medic. 
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Cucurbitaceae. - 25 - - nil - Beequerel. 

Ou in in um Cyminum, L. (Cumin). - 1 - 100* - 50 - Vilmorin. Ext. limit, 5 vrs. 

Cupania amicardioides, A. Rich. - 10 - 33 - nil - 

semiglauea, F. v. M. - 10 - 50 - nil - 




Cuphea viseosissima, Jacq. 
Cupressus Lawsoniana, Ar.dr. 
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Danmsoniuin australe, Ra-lisl). - 57 - 150 

aus.trak\ Snlisli., vav. ]mmilum. - 57 - 50 

siellatmn, Tim i 11. - 55 - G1 







Years Xo. of Per cent 

old. Seeds. Germ. 

Danthonia bipartita, F. v. M. - 18 - 150 - nil 

ditto - 57 - 100 - nil 
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lutea, L., var. intermedia, Pers. 15 - 20 - nil - A. do C. 

orientalis, Lam. - 15 - 20 - nil - A. do C. 

purpurea, L. - 15 - 20 - nil - A. do C. 



Years No. of Percent, 

old. Seeds. Germ. 
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ditto 57 300 - nil 

Ej milt os australis. Less. 57 *100 - nil - 

Ephedra distnehya, Linn. - - - some - Mart. After 93 days H. on sea. water. 
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maritinium, S 111 . - 57 - 52 - nil - 

laciniatum, Willd, var. pulveru- 15 ■ 20 - nil - A. do C. 

lentem. 




Years No. of Per cent, 

old. Seeds. Germ. 

moschatum, L. Herit. - 38 - 125 - nil 

ditto - 55 - 130 - nil 
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Years No. of Per cent, 
old. Seeds. Germ. 

Euoalyptus di versicolor - 50 - 150 - nil - 

dumosa, A. Cunn. - 57 - 250 - nil - 

foecunda, Schau. - 10 -10,000- 3.9*- 
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Years No. of Per cent, 

old. Seeds. Genii. 

Eucalyptus rudis, Emil. - 10 -10,000- 12 - 

ditto - 50 - 280 - nil - 

siderophloia, Benth. - 10 -10,000- 2.1*- 
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Years No. of Per cent, 
old. Seeds. Germ. 

latifolius, R. Br. - 50 - 13 - nil - 

ditto - 57 - 15 - nil - In acid h hr. 
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ditto, var. millefoliata. - 50 - 130 

squarrosa, Hook, tund Arn. - 20-50 





Years No. of Per cent, 

old. Seeds. Germ. 

ditto - 18 - 100 - nil - 

tricolor, Benth. - - - nil - Berkeley. After 30 days in sea water. 
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ditto - 51 - 19 - 10.5 - After 2 hr. in acid. 

ditto - 57 - 220 45 - 58 sw. in water without filing. Of these 
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ditto - J- - 5 - 100 - A. de C. Under Mercury, 

ditto * 2 - 10 - 20 - Rom. Air dried, 

ditto - 2 - 10 - 40 - Rom. In vacuo. 
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Klndes. 11 lids. - 57 - 124 

jn'Mirtifnlium, Olioisv. - 50 - 210 

hirsutum, L. - 2(> - 500 




Years No. of Percent, 

old. Seeds. Germ. 

ditto - 50 -1000 - nil - 

ditto - 1001 - - few - Peter. Supp. age in ground, 

humifusum, L. - 16 - 300 - nil - 
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ditto - 81 - 40 - 5 - Sw. after 2 hr. in acid, 

tinctoria, Linn. (Indigo). - 9 - 250 - 2 
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cnespiticins, K. Meyer. - 55 -1000 - nil 

effusns, L., var. eonglmneratus, L. 14 - 250 - nil 

ditto 18? - - few - Peter. Supp. age in soil. 
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Lovgecity of Seeds. 



Ochrus, 1). C. - 4G - 15 - nil - All s\v. in water. 

odorntus, Linn. - 50 - 12 - nil 

jmlustris, L., war. "raininifolius. 20 - G6 nil - Sw. in water. 




Years No. of Percent, 

old. Seeds. Germ. 

sativus, L. 5 - 100 - 50 - Vilmorin. 

tintritanus, L. - 50 - 72 - nil - 
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lanceoliitus, R. Hr. - 44 - 50 

ditto, var. attinis. - 57 - 250 

Maccraei, F. v. M. - 54 - 25 




Years No. of Per cent, 

old. Seeds. Germ. 

Richei, R. Hr. - 57 - 20 - nil - 

Levisticum officinale, Koch. (Lovage). - 5 - 100* 50 - Vilinorin. Ext. limit, 4 yrs. 

Ligusticum apioides, Phil. - 15 - 20 - nil - A. do C. 
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ditto - fresh - - 46-98 - Nobbe. 

ditto - 4 - - 10-78 - Nobbe. 

ditto - 12 - - 14 - Nobbe. 




Years No. of Per cent, 
old. Seeds. Germ. 
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rotundifolia, L. - 10 - 100 - 72 - All s\v. after 3 hr. in acid, 

ditto - 17 - 100 - 8 - All s\v. after 3 hr. in acid, 

ditto - 57 30 - nil 


Years No. of Per cent, 

old. Seeds, Germ. 

sylvestris, L. 42 - 156 nil - All sw. in water, 

ditto 59 - 120 - nil - All sw. in water. 
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If the seeds were at all moist, all were rapidly destroyed in (.Jiglioli’s tests. 








Years No. of Per cent, 

old. Seeds. Germ. 

ditto - 16 - 293 - 0.68- Giglioli. In oxygen. 
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Micranthus alopecuroideus, Eckl. 
Microglossa albescens, C.I>. Clarke. 
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Myopurum acuminatum, K. Br., var. Cun- 
ninghamii, Benth. 
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ditto - 57 - 25 - nil - 

Nesliai paniculata, Desv. - 1 - 96 - 97 Duvei. Buried deeply, 38.5 per cent, 

ditto - 15 - 20 - nil - A. da C. 



Years No. of Per cent, 

oid. Seeds. Germ. 

Newcastlia spodiotriclia, F. v. M. - 27 - 200 - nil 

Nicotiana glauca, E. Gratz. - "50 - 150 - nil 
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ditto - 3 - 100* - 50 - Vilmorin. Ext. limit, 5 yr. 

ditto 27 - 38 nil 

ditto - 50 - 180 - nil - 


Years No. of Per cent, 

old. Seeds. Germ. 

biennis, L., var. grandiflora, Ait. - 50 -1480 - nil 

purpurea, Curt. - 50 - 54 - nil 
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Osteospermum nioniliferum, L. 9 28 - nil - 

ditto - 11 - 60 - nil - Stony covering filed, 

ditto - 50 - 13 - nil 


old. Seeds. flenu. 

Ostrya virginioa, Willd. - G7 - 40 - nil - 

Oxalis mierophylla, Phil. - 57 - 100 - nil - Sand-paper. 
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natans, L. - 55 - 130 - nil 

ditto - ripe - nil Coats intact. Crocker, 

ditto ripe - - 51 - Coats broken. Crocker. 
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Pseudanthus ovalifolius, F. v. M., var. 57 -1^0 - 1.7 - Partial [Termination only, 

brachyandrus. 





Years No. of Per cent, 

old. Seeds. Germ. 

Psidium Donianuiii, Bei’g. (aromaticum). 15 - 20 - nil - A. d< 

Psoralea adscendens, F. v. M. - 57 - 35 - nil - Imp. 
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Ratonia pyriformis, Reirtli. and Hook. f. - 57 - 100 
Reseda alba, Linn., var. fruticulosa, L. - 50 - 80 





Years No. of Ter cent 
old. Seeds. (Serin. 

lutea, L. - 55 - 200 - nil 

ditto - 57 - 100 - nil 
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Years No. of Per cent, 

old. Seeds. Germ. 

ditto - 45? - - few - Peter. Supp. time buried, 
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Years No. of Per cent, 

old. Seeds. Germ. 

Samolus littoral is, Sclirank. - 57 - 45 - nil 

repens, Pers., var. parviflorus. 57 - 150 - nil 
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Saxifragacese. 25 - nil - Becquerel. 

Scabiosa arvensis, L. - 66 - 120 - nil - 

ditto - 18 - 48 - nil - 

ditto - 50 - 11 - nil 
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ditto 

Seleria, ciliata, Michx. 

Sclerocarpus uniserialis, Bth. <k Hook f. 




Years No. of Per cent, 

old. Seeds. Germ. 

Sclerolaenai bitlora, R. Br. - 57 - 14 - nil 

dican tha, Bth. - 57 - 150 - nil 
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lautus, Sol and. (macquariensis). 55 - 100 

sarracenicus, Linn. - 59 -1000 

spathulatus, A. Kicli. 57 - 100 






Years No. of l‘er cent, 

old. Seeds. (Jcrin. 

sylvaticus, Linn. - indef. - - some - Mioliaiet. In soil, 

ditto ■ 12 - 500 - nil 
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d'tto - 52 - 800 - nil - 

maicrochaeta, Spreng. 15 - 20 - nil - A. do C. 

macrostachya, II. B. and K. - 15 - 20 - nil - A. de C. 

verticillata, Beauv. - 15 - 20 - nil - A. de C. 

ditto - ] - 93* - 94.5 - Duvel. Buried deeply, 90 per cent. 
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gallica, I/., var. anglica, L. : 56 - 63 - nil - 

ditto - 15 - 20 - nil - A. de C, 

galiioa, Jo., var. quinquevulnera, L. 15 20 - nil - A. de C, 





Years No. of Per’cent. 

old. Seeds. Germ. 

juvenalis, Del. -1500 - - some - V. Heldreich. Supp. age in soil, 

niaritima, With. - 55 - 59 - nil - 
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Sisyrincliium eonvolutum, Nooca 
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lorocmrpum. 






Years* No. of Per cent, 

old. Seeds. Germ. 

simile, F. v. M. - 5G - 200 - nil 

sodomaeum, L. 51 - 105 - 1 
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ditto 36? - - few - Peter. Supp. time in soil, 

ditto - 41 200 - nil - 

ditto - 50 - 88 - nil - 






Years No. of Per cent, 

old. Seeds. Germ. 

media, Cyrill. - 19 - 96 - nil - 

ditto - 20? - - few - Peter. Supp. time in soil, 

ditto - 27 - 140 - nil - 
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Subularia aquation, L. 
Sutherlandia frutescens, R. Br. 
Swainsonai galogifolia, R. Br. 
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officinale, Weber., var. erythroa- I - 86* - 87.5 - Duvel. Buried deeply, 45 per cent, 

permum, Andr. 

officinale, Weber. (Dandelion). - 2 - 100* - 50 - Vilmorin. Ext .limit, 8 yrs. 





Years No. of Per cent, 

old. Seeds. Germ. 

officinale, Weber. - 12 - 220 - nil - 

ditto - 3-6 ? - - few - Peter. Supp. time in soil, 

ditto - 50 - 180 - nil 


164 


Alfred J. Ewart : 


>> 

00 


fl 

'V 

O 

o 

t*—I 
< 


.2 

tn 


* 

W 


o 

2 


o 

o 




o 


K ‘fl 

fl fl fl fl fl ‘pj fl fl fl fl fl fl ^ 

a 


£ fl fl fl 


O 

*— 


iOOOOOOOC<lOoOO 

CO<McO<MlOHOlOOcO^CO 


i CO o 1 
' ^ (^J 


o 


ONOrtiOOCO^t-NO^ 
H JO to m lO to lO iO lfl ifl 


■ cn o 

i \o i-h 


'O 

fl 




fl 

O 

'S 

fl 

o 

T3 

O 

U 

OP 


o o -< 


be 




*r"3 


d rS 

w4 .S fl 

^ o 

^ pq 

K* 

cf 


CSJ 


C 

fl 


CP 

fl 


T3 T3 • 


^ g fl 

_ il& ■ 

? Sf °|~.s ° 

* .-S ^ S 3.ti' 
cs 113 ^ .5 % ^ 

a 

§ s a 

„ O O O 

£h H H H 


,5 § 

< T3 ^ 


S 


> fl ct 
! ?J £C 

> £2 fl 

I fl 
F- A, 

r 3 g 

! A< 

> fl 

> -2 c 
• J A o 

£ fc o 

fl a 

3-is 

o o 

H H 


rfl fl 


I ^ «T 


fl <=< cc u 

fl - - 
'fl fl fl fl ^ 

S'SSoS 

§ §« 

^ flu — 

« fS 


fl . 1 
fl fl 

•j5 a - 


: j -s 


fl o O 


o © 


fl 

o 

H 


Longevity of Seeds. 


. • - O 

'S $ ~ 2 
H 

.5*5 s s 

. ~ 2 o 
Ms B g 

!- "S ^ Urn 


o 

o 


O cS 


© J3 ^ 
•s***®* 

i> •_, i_ 
" © 


T3 

© 

’C 


Cl, 

ui 


i o . d 

S © '~QJ © 

. t> T3 


ZfllflW <0 ■ 


f; E *3 *3 ‘3 *3 *3 '5 § '3 '5 ’3 ’3 *3 '3 '3 *3 ‘3 


©3 r^j r2 ^ 
ri p w a 


© _ 
3 H 


.-goooooo OOOcOONCOHiaiOOONO 

o o O 1© C 13 00 ^ Ci(N^(MeO(MOO«<M^OO(NOw 

H (M CO r-H 


03 C“» 

S-c C O O O o N iO O O M3 O ifl O O >3 O 

1-HriHHLOOeO^HtOHlQHlQlOCO I© 


o o - 


* la o o 

1-H <M l© 


o 

HD 

u 

o 

o 

X 


*a 

-fc-> 

w tfj 
- 

3 


c 

c 

35 . 

G 

s .5 

5 J 


f§ a « 


o 


o o o o 


T3 TJ H3 T3 


^ h- 


3 G S * S 

® ^ j •£ C 2 
„ J _« § 
i fp’-S s' 3 


« 

T3 

G 2 

63 s 

. . O 

~ a £ 

. 3 J3 © 
M ^ S - 
h « ^ S 

^ r © j-j 
S 

■ 25>e 
d d b 

G fl ~ci 


|! I 
' ii 

"d "d 
-G 

H H 


- ^ 3 § o 

G" £ d J 2 .— G 
cO©J iX>^“ « 


c a ■ 


j§ 




© 

cc 

■ is 

£ .ts 

c3 'C 


o o 
-+^> .+-> 
-fci -+J> 

<r 3 ’"3 


H 


105 


ditto - 61 - 62 - nil - 

ditto . 300 - - nil - Nobbo. Old Herb. 

perfoliatum, L. - 15 - 20 - nil - A. do C. 






Thryptoinene Mitchellia.ua, 
Thuya orientalis, Linn. 
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Tricostularia pauoiflora, Benth. * 57 - 100 - nil 

Tridax trilobata. Hems], - • - some - !>. After 22 davs in sea water 

Trientalis europaea, L. - 57 - 45 - nil - 
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elegans, Savi., var. caespitosum. 27 - some - Becquerel. 

fiiliforme, Linn. - 19 - 50 - 32 - \ hr. in acid, 

fragiferum, L. - 55 30 nil - All sw. in water. 
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ditto - 17 - 180 - nil - 

ditto - 18? - - few - Peter. Supp. ape in soil, 

ditto 32? - - few - Peter. Supp. ape in soil. 



Years No. of Percent, 

old. Seeds. Germ. 

ditto *36 ? - - few - Peter. Supp. age in soil, 

ditto ‘ - 45 ] - - few Peter. Supp. age in soil. 
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tridentatum, Lindl., var. melanan- 15 - 20 - nil - A. de C. 

thum. 

Triglochin centrocarpum, Hook., var. 57 - 100 - nil - 
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ditto 2 - - most - Rohde. 

ditto - 2 - 100* - 50 - Vilmorin. Ext. limit, 4 yrs. 

ditto - 1 - 100 - 96 • Burgestein. Dry in air. 





Years No. of Per cent, 
old. Seeds. Germ. 

ditto - 4 - 100 - 78 - 

ditto - 4 - 50 - 48 - From Hawkesbury Coll., N.S.W. 
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GENERAL SUMMARY. 

The records of old seeds germinating fall naturally into two 
groups (1) records where the seed is supposed to have lain 
dormant in the soil, the latter having been undisturbed (presum- 
ablv) ; and (2) authentic records of stored or herbarium seeds. 
Even as regards the latter, some of the records seem to be in¬ 
correct (viz. J J haseolus), the seeds possibly having been inserted 
at a later date or the labels misplaced. The earliest complete 
records are those of de Candolle (l.c.), who found that out of 368 
seeds kept dry in air for fourteen years only 17 retained a 
feeble germinative power, these including 5 out of 10 species of 
Malvaceae, 9 out of 45 species of Leguminosae, and 1 out of 30 
Labiaitae. De Candolle did not specially investigate the hard 
seeds on the list, and hence overlooked the fact that some of 
them (Acacia , Medicago and Trifolium) were probably germ- 
inable when softened. 

Taking these precautions in an elaborate form by removing 
the integuments, sterilising and soaking, and keeping in moist 
sterile cotton wool, Becquerel considerably extended de Candolle's 
list, and found that 18 out of 90 leguminous seeds, those of 2 
species of Nelumbium , of 1 Labiate and of 1 Malvaceae remained 
germinable for 25 to 80 years. The oldest germinable seed 
obtained by Becquerel were 3 species of Leguminosae 80 years 
old. 

The various old Herbarium records are quoted in the alpha¬ 
betical list, but do not require special mention. In regard to the 
records of seeds supposed to have lain dormant in the soil, these 
appear to be quite worthless, not more than two or three per 
cent, being confirmed by the authentic records of de Candolle, 
Becquerel and myself. . It might be argued that the seed might 
last longer in the soil than when dried in air, but Duvel’s com¬ 
parisons of the germination of seeds buried in soil for a year, 
with the same preserved dry in aiir for a year, show that as a 
matter of fact the reverse is the ease with all ordinary seeds. 
The only apparent exceptions appear to be with those hard seeds, 
which Duvel seems not to have known how to treat to induce 
germination. 
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The most complete set of soil records has been made by Peter 
(l.c .), by noting the appearance of plants in soil taken from 
forests of known age, without undergrowth, and in which the soil 
was supposed to have been undisturbed since the forest was 
planted. He found certain plants, mainly meadow and field 
weeds, continuall} r appeared where a forest had covered meadow 
or field for 20 to 40 years, but mainly sylvan plants from still 
older forests, and hence concluded that the seeds in question 
had lain dormant in the soil during the life of the forest. This 
evidence has been accepted even in Pfeifer’s Physiology, although 
the logic is childish in the extreme. In nearly every case, as can 
be seen from the lists, the seeds in question have a short duration 
of life, rarely exceeding five years, but they are all either small 
or readily dispersed by wind, or animals, thus reaching the forest 
land from neighbouring meadows, etc., and being covered more 
or less deeply by the activity of burrowing animals, ants, etc., 
or falling down cracks and burrows in the soil. If the matter 
were so simple as Peter imagines it to be, and these seeds were 
derived from the original vegetation prior to the forest, we should 
expect to find them more abundant some distance below the 
surface than on the latter itself. Those on the surface are.mere 
apt to germinate and decay, and Duvel has shown that the more 
deeply buried seeds last longer. In addition, the humus from 40 
to 100 years of forestal growth would be sufficient to deeply 
cover the original surface. On the other hand, if the soil is con¬ 
tinually receiving fresh supplies of seed from wind and water, or 
from the excrements, feet and bodies of birds and other animals, 
some of which seeds are buried from time to time by burrowing 
animals or washed down cracks, burrows or holes in the ground, 
we should naturally expect to find the surface richer in seeds 
than the deeper layers. Peter found germinablo seeds down to a 
depth of 32 cms. (1 foot), but in only two cases were a few more 
seeds found at 8-16 cm (3-6 inches) than on the surface, and 
the number 24 to 32 cms. deep was from 3 to 20 times less, and 
never greater than in the surface layer. Peter’s observations are 
good evidence of the readiness of dispersal of certain seeds, but 
as evidence of their longevity are quite untrustworthy. They 
contain ai grain of truth buried in a mass of inaccuracy. The 
same applies to aill similar records of supposed old seed in soil 
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or under water being gerniinable, from the classical case of 
Mummy Wheat downwards. Here and there a long-lived seed 
has accidentally been hit upon, but in the great majority of cases 
the records are incorrect. 

The Conditions for Longevity. 

These a.re partly inherent in the seed itself, and partly due to 
the external conditions. As regards the latter, all observations 
agree that fairly cool, dry, airy conditions preserve seeds best, 
while in the soil seeds last longer in the deeper layers than in the 
surface ones. Seeds with impermeable coats are less dependent 
on the external conditions than ordinary ones, and may resist 
immersa.1 in poisons or poisonous gases for years when dry and 
unswollen. Such seeds are naturally also most likely to last 
longest in the soil. 

According to Fischer, however, the seeds of Scigittaria and 
similar plants may be kept under water for several years without 
losing the power of germination, and although the contents of 
the seed are moist. This is a far more remarkable fact than the 
long duration of certain seeds when dry, because in the former 
case there is a greater tendency to chemical change, and feeble 
respiration probably takes place. 1 

A few seeds (Willows, etc.), are killed by air drying, and 
according to Poisson 2 seeds of Cacao begin to die 36 hours after 
drying outside the fruit. In the case of all ordinary seeds, the 
drier the seeds the longer they are likely to last, and this applies 
more especially to starchy seeds. 

The chief factor in longevity is the inherent character of the 
seed itself. In 1894 3 4 I showed that seeds capable of withstand¬ 
ing thorough drying assume a perfectly dormant condition in 
which they do not respire and are not living, although they have 
a power of restoring life potential in them for a longer or shorter 
period of years. Similar conclusions were made by de Candolle, 
who appears to have considered that all seeds, if carefully dried 
and preserved, would retain an indefinitely prolonged power of 

1 Crocker (l.c.) has thrown considerable doubt on the correctness of Fischer's views. 

2 bulletin de la Soc. bot. de France, 1903, t. 1., p. 337. 

3 Ewart, Trans. Liverpool Biol. Soc., 1894, vol. viii., p. 234. 

4 De Candolle, Archiv. d. Sci. phys. et nat : see also Nature, 1895, p. 348. 
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germination. This is, however, incorrect, and according to 
Becquerel, only those seeds can preserve their vitality for long 
periods of time which are protected by thick coats impermeable 
to water and oxygen, and which have feebly oxidizable reserve 
materials. This is, however, only a partial truth. It is a fact 
that “ starchy ” seeds last longer than oily ones, on the whole, but 
reference to the lists will show that many seeds containing appre¬ 
ciable quantities of oil are comparatively long lived (Myrtaceae, 
etc.) The truth is that long-lived (macrobiotic) seeds have 
mainly been developed among the Leguminosae, an order charac¬ 
terised by its starchy reserve food materials. Many more or 
less endospermic Leguminous seeds ( Melilotus , Cassia , Cytisus , 
Lotus tetragonolobus , etc.), are macrobiotic, though incapable of 
the same duration as the non-endospermic seeds of Goodia and 
Acacia. 

Longevity depends not on the food materials or seed coats, 
but upon how long the inert proteid molecules into which the 
living protoplasm disintegrates when drying, retain the molecular 
grouping which permits of their recombination to form the active 
protoplasmic molecule when the seed is moistened and supplied 
with oxygen. Chemical changes in the food materials might 
hasten the irrevocable disintegration which the slow process of 
time brings about, and in the same secondary manner the 
character and structure of the integuments will be of importance. 
The property of longevity is an hereditary peculiarity inherent 
in the protoplasm of certain seeds, and developed by natural 
selection as an adaptation to special conditions of life. Accord¬ 
ing to Acton, samples of old wheat contained more soluble 
matter and less water than fresh wheat, while the diastatic and 
proteolytic ferments present in fresh wheat had entirely disap¬ 
peared. This is, however, the result rather than the cause of 
death, since as long as the power of reconstituting the living 
protoplasmic molecule is present, the power of reproducing fresh 
ferments is retained. 

Macrobiotic seeds are all seeds which show no special adapta¬ 
tions for dispersal. None are wind or water borne, and although 
some are more or less accidentally distributed by animals, 


1 A full investigation of this question is in progress. 
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adhesive seeds or fruits are conspicuously absent among them. 
They are, in fact, distributed in time instead of in space. Fall¬ 
ing to tho ground beneath or close to the parent plant, a few 
are immediately germinable, but others only after long periods 
of years or after special actions have been brought to bear upon 
them. 

Although a few seeds (Phaseolus, Triticum y etc.) with readily 
permeablo coats may retain their vitality for many years in 
dn" air, true macrobiotic seeds, adapted for prolonged duration 
in the soil, are always possessed of more or less impermeable 
coats, and they do not swell and germinate until these coats 
have been softened. Ililtner 1 was the first to show that 
hard clover seeds swelled readily after treatment with strong 
sulphuric acid, and this observation was extended and confirmed 
bv Jarzymowski. 2 who showed that after appropriate treatment 
with strong sulphuric acid, followed by washing and neutraliza¬ 
tion with dilute ammonia or lime water, the percentage of clover 
seed germinating was higher than by any other form of treat¬ 
ment. Bergtheil and Day 3 then found that the hardness of the 
seeds of Indigofera arrecta was due to the presence of a very 
thin impermeable cuticle on the surface of the seed, and that 
when this was eaten away by half an hour’s treatment with 
strong sulphuric acid, or broken, the seeds swelled readily. 
Miss White has investigated all the hard seeds, for which I found 
treatment with sulphuric acid necessary to bring about germina¬ 
tion, and has detected in practically all such cases the presence 
of a cuticle of variable thickness. Her results are added to this 
paper in the form of an appendix. 

Only in very few cases are seeds which do not absorb water 
except after filing or special treatment, not provided with a 
cuticle. One exception is afforded by Ada ns on ia digitata , in 
which the whole integument seems to be permeable to water with 
difficulty. In almost all other cases any scratch deep enough to 
penetrate tho cuticle allows the seed to absorb water and swell, 
% and frequently the cuticle then frills or peels off as a transparent 
membrane. Hard seeds soaked in water for a day or so and then 


1 Arfo. aus der biol. Abt. f. Land, and Korst. wissenschaft, lid. iii., 8. 30, 1902, Berlin. 

2 Inaug. Diss. Halle, 1905. 

3 Annals of Botany, vol. xxi., Jan., 1907. 
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placed in strong sulphuric acid often show the cuticle as a 
separate layer before it dissolves away. In a few cases the 
remaining integument may still delay the absorption of water, 
but not in the remarkable way that the cuticle does.. In the 
case of most plants producing hard seed, a certain variable 
percentage of each sample will usually swell in water, and if 
the seeds are not perfectly ripe this applies to all of them, 
the cuticle being undeveloped or imperfectly developed. Such 
seeds perish rapidly in the soil, but in ai dry herbarium may last 
for many years, though rarely as long as the perfectly ripe 
cuticularized ones, which swell only after breaking the cuticle 
by filing or destroying it by sulphuric acid. The importance of 
properly testing old hard seeds to obtain correct germination 
values is well shown by the following experiment. One hundred 
50-year-old seeds of each of 5 Leguminous plants were placed in 
moist soil for 6 months in a warm house, and kept under 
optimal conditions for germination. None germinated, and with 
the usual modes of testing the samples would have been con¬ 
sidered useless. The remaining hard undecayed seed were,' 
however; taken up, the coats sand-papered, and the seeds placed 
in germination chambers, with the following results: — 


Acacia armata 
,, leprosa 

Hardenbergia monophylla 
lndigofera cytisoides 
Watsonia viridifolia 

The Treatment of Hard Seeds . — Since this is a matter of 
considerable practical importance, some detailed data are given 
of the experiments made upon it with Acacia seed. 

The older idea that the impermeability of the coats was due 
to the presence of mineral matter is quite incorrect, as is also * 
Jarzymowski’s suggestion that it is connected with the small 
size of the lumina in the palisade layer of the integument. As 
Miss White has conclusively shown that the impermeability is 
bound up with the presence of a cuticular layer over the seed, 


Remaining 

seeds. 

Number 

Germinating 

Percentage 
of hard seed 
germinable. 

18 

2 

11 

7 

3 - 

43 

10 

5 - 

50 

34 

- 34 - 

100 

6 

1 

17 
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the only question is as to the best mode of removing that layer. 1 2 
Scratching, filing, and such methods always tend to damage a 
certain percentage of the seed, besides being tedious even with 
the large seeds. The removal of the seed coats opens the 
embryo to the attacks of injurious soil organisms and causes a 
pronounced fall in the percentage of seed germinating. 

Boiling with water soon injuriously affects the seed, although 
well dried Acacia seed is remarkably resistant to heat. Thus 
sound two-year seed of Acacia long! f alia , A. dentrmm, and A. 
myrtifolia , after heating to 98-100 deg. C. for 6 hours, filing and 
soaking, gave percentage germinations of 42, 35 and 31 respec¬ 
tively, the unheated seed giving germination values of 88, 46 and 
52 per cent, respectively. After 2 days at 95 to 102 deg. C., how¬ 
ever, none of the seed germinated. In warm water swelling is 
very slow. Thus a sample of 500 12-vear-old seed of Acacia 
dealhata was soaked in water at 30-40 deg. C. for 10 days, and 
then at 40-50 deg. 0. for a month, the swollen seeds being picked 
out every few days and placed in germination chambers. 


Days. 

No. of seeds 

Number 

of swollen seeds 

swollen. 

germinating. 

germ. 

3 

43 

1 

2.3 

6 

34 

nil - ( 

6.4 

10 

59 

6 - 1 

13 

85 

5 

5.9 

17 

58 

5 

8.6 

21 

50 

14 

28 

31 

38 

1 ' 1 

2 • f 

4.3 

33 

29 

42 

33 

3 

9 


The 64- remaining seeds swelled at once after filing, and gave 
a percentage germination of 7.8 per cent. Hence the earlier 
seeds to swell are mostly dead, then the percentage germination 
rises and finally falls again, possibly as the result of the pro- 


1 In some eases soaking in warm absolute alcohol makes the coats permeable to water, 
especially where the cuticle is thin, probably owing to the removal of the waxy materials 
impregnating the cuticle. Hot water, by melting the wax in the cuticle, aids in making the 
cuticle permeable. 

2 Seven seeds had disappeared. * 
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longed high temperature, although unswollen Acacia seeds can 
be kept a week or more under water at 60 to 65 deg. C. without 
entirely losing their vitality. Similar results were obtained 
with Acacia myrtifolia, but in all cases if the seeds were merely 
soaked for one to two days the Remaining hard seeds, after filing 
or treatment with sulphuric acid, always gave a higher percent¬ 
age germination than those which had swollen in water pre¬ 
viously. 

Alkali is much less effective than sulphuric acid in producing 
swelling without injuring the seeds. Thus of old seeds of Acacia 
dealhata soaked in water at 40 deg. C. for 2 days, 9 per cent, 
swelled, and of these 2.3 per cent, germinated. After soaking 
in 5 per cent. Na 2 CO s for 1 day at 20 deg. C., and then 1 day at 
40 deg. C. to 50 deg. C., in waiter, 45 per cent, swelled, and of 
these 5.2 per cent, germinated. After 1 minute in boiling 10 per 
cent, caustic soda, 28 per cent, swelled after frequent washing, 
and 3.4 per cent, of these germinated ; while after 2 minutes in 
boiling potash, 78 per cent, swelled and 4.6 per cent, germ¬ 
inated. After 10 minutes all swelled, but none germinated. 
Longer treatment with cold caustic soda also produces swelling, 
but the difficulty of causing all the seeds to swell without injuring 
all or most of them is equally great. Ammonia is less effective 
than caustic soda or potash. 

The 10 per cent, caustic soda or potash is useful, however, 
for seed testing. Tlius, if an old sample of seed of Acacia 
dealhata is boiled for 2 minutes in the solution, washed well 
and soaked in water at 40-50 deg. C. for 3 hours or so, all unfilled, 
perforated or broken, seeds, and most dead seeds, swell up par¬ 
tially or entirely, and exude a dark brown dve. All, or the 
great majority of the sound seeds are still hard and unswollen. 
The test is not perfect, but will distinguish a good from a bad 
sample of Acaciai seed. 

The sulphuric acid treatment has this advantage, that the 
concentrated acid only penetrates slowly even after the cuticle 
has been dissolved away, and with careful treatment the whole 
of the subjacent layers are left intact. Further, it sterilizes the 
seeds and destroys all adherent spores. In addition germination 
is usually hastened as compared with seeds which have swelled 
without treatment. The chief danger lies in allowing traces of 
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acid to adhere to the seed, which is easily avoided by thorough 
washing, followed by treatment with dilute ammonia or lime 
water, and repeated washing. If then dried the seeds, whether 
Acacia, Clover, Broom, Gorse, or the like, are ready for planting 
and immediate germination. If the washing and drying are 
rapidly done the seeds do not swell, and will keep fairly well, 
whereas seeds softened by hot water must be planted at once. 
In dilute sulphuric acid the uncuticularized seeds soon lose the 
power of germination, and the cuticularized ones remain unsoft¬ 
ened. Ilenco the acid must only be applied to dry seeds. 

The length of treatment with acid depends upon the extent to 
which the cuticle is developed, and as this varies in different 
samples of seed from the same plant, sample tests should be made 
before treatment, and the acid only used when the percentage of 
hard seeds is considerable. General data for different seeds are 
given in the main list, but a few detailed data for samples of 
very hard seed are given here, the usual washing and soaking in 
water following treatment with acid : — 


Acacia death at a. 


Cold water 

- 

8 p. c. swelled in 

2 days. 

In acid, 

5 minutes 

- 10 „ 

,, in water. 

n 

25 


90 

“ “ jj >j j’ 

yy yy 


o 

hours 

- 45 „ 

yy yy 

5) 

3 

„ 

- 66 „ 

yy yy 

>> 

4 

yy 

* jj yy yy 

„ „ 70 p. e. 




germinated. 


)> 

6 

yy 

92 p c. swelled in 2 

clays in water, 72 p. c. 




germinated. 



After 6 hours some of the integuments were eaten right 
through, and the embryo exposed on washing, but such seeds 
may still be capable of germination in a germination chamber, 
though few would survive in the soil. 

Similar results were obtained with samples of old very hard 
seed of A. longifolia and A. decurrens. For the smaller seeded 
Acacias, such as Acacia montana , A. leprosa, etc., 1 to 3 hours, 
and for such forms as A. vernicifi.ua , 2 to 4 hours in sulphuric 
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acid is sufficient at 15 to 20 deg. C. to produce an optimal action 
on germination. As the temperature rises the action of the acid 
is more rapid ; at 30 deg. C. it is about twice as active as at 
20 deg. C. The acid must be concentrated. Slight dilution 
lessens the action greatly, and renders it more dangerous. 
During the longer soaking in somewhat diluted acid, the seeds 
are able to absorb the acid as the coats are acted on, whereas 
the strong acid keeps them dry and unswollen, and only such 
surfaces as the acid actually touches are corroded and destroyed. 

Biologic Value of Hard Seeds.— As already mentioned, such 
seeds distribute themselves in time rather than in space, of each 
year’s crop some being destined to remain germinable in the soil 
for very many years until the parent plants have been cleared off 
by fire or drought. In the case of Callistemoti rigida and similar 
plants the seed is largely retained on the parent plant until fire 
or drought causes the death of the parent plant and the shedding 
of the seed, which may only take place when some at least of 
the seeds are 10 or 20 years old. In Acacia, Viminaria 
denudata , Goodia lotifolia and the like, the seed are shed, but 
lie in the soil. To some extent these macrobiotic seeds are 
adaptations to bush fires, which were probably of common 
occurrence long before the advent of civilised or even uncivil¬ 
ised man, and must have been far more frequent than at present 
when the lava was flowing from the volcanoes of Victoria. 

Such bush fires, after burning off the humus more or less, not 
only partly expose the seeds, but leave behind an alkaline ash, 
which the next rain falling on the warm ground aids in soften¬ 
ing the coats of the hard seeds, and bringing about their 
germination. When the ash is abundant and very alkaline the 
seedlings may be killed, but some will always survive. In addi¬ 
tion, slight charring of the surface of the seed makes it per¬ 
meable to water without necessarily destroying the vitality of the 
contents. The Acacias or other Leguminous plants, by the aid 
of their root-nodules, can grow in soil from which all, or nearly 
all, the humus has been burnt away, and the source of nitrates 
hence removed. They steadily enrich the soil again, and pro¬ 
duce the conditions for the growth of large forest trees. Those, 
if destroyed by a devastating bush fire, may once more be replaced 
by the humus forming Acacias, etc., whose seeds have lain 
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dormant in tho soil during part, at least, of the growth of the 
forest. 

I have, in fact, found Acacia seeds deeply buried in the soil 
of Gum forests, where no other signs of their presence could be 
seen, and where no other Acacias were present within at least a 
mile. In addition, the following data may be given of the num¬ 
ber of germinable Acacia seeds per 2-inch cube of soil found at 
various depths under old Acacias growing in undisturbed 


primeval bush. 

Depth. 

Seeds present 
in eight cub. 
inches. 

Number 

germinable 

Per 

cent. 

Acacia dealbata - 

3 ill. 

- 28 - 

26 - 

93 


6 „ 

17 - 

13 - 

77 


9 „ 

16 - 

10 - 

63 


12 „ 

11 

9 - 

82 


IS „ 

3 - 

3 - 

100 

A. strict a - 

4 „ 

1 

1 

100 


8 „ 

2 

2 

100 


12 „ 

0 - 

0 - 

0 

A. leprosa - 

6 „ 

- 28 - 

24 - 

86 


12 „ 

15 

14 - 

93 

A. melatioxylon - 

4 „ 

- 11 - 

10 - 

91 


8 „ 

- • 5 - 

4 

80 


12 „ 

2 

2 

100 

A. loti gifolia 

0 „ 

2 

2 

100 

var. mucronata 

- 16 „ 

0 - 

0 - 

0 

A. verticil lata 

4 „ 

- 32 

26 - 

81 


8 „ 

5 

4 - 

80 


12 „ 

4 

4 

100 


A square pole of such soil would in the top 18 inches, in some 
cases, contain sufficient germinable seed to stock several square 
miles of territory, so that the amount of margin allowed for 
accident is very great, and even a very low percentage germina¬ 
tion would suffice to re-cover the soil with the original vegetation 
after the severest bush fire. The percentage germinations are 
high, because as soon as the seed becomes permeable in the 
course of time and swells, it either germinates or dies, so that 
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in the deeper layers the only seeds found are likely to be hard 
macrobiotic ones. In fact, all the seeds found in the soil below 
the surface needed treatment with sulphuric acid to produce 
swelling and germination. Once they are swollen, the seeds are 
incapable of remaiining long living in a latent condition without 
germinating, and this applies generally to the seeds of Legu- 
minosae, whether cuticularized or not. 

Conditions for Germination. —In addition to the usual state¬ 
ment that water, oxygen, and a certain temperature are needed, 
the proviso is required that the water and oxygen must be able 
to penetrate the seed in sufficient quantity. Even when a seed 
has absorbed water and swollen, it may remain dormant for a 
long time without dying if the supply of oxygen is deficient or 
the temperature low. Nobbe 1 and others have shown that the 
moist seeds of Cirsium arvense , Pa paver Rhoeas, Cherry, Oak, 
etc., may remain alive without germinating for a year or more in 
the soil. Fischer' 2 states that the same is the case v r ith many 
water plants whose seed may remain germinable under water for 
years, though fully soaked. He finds that the seeds of Sagittaria 
sagitti folia, 8. plat y ph glia, S parganium ramosum , S. simplex , 
Alisma Plantago , Potamogeton natans , lucens and i^Cinatus, 
Hippuris vulgaris , Polygonum amphibium^ Scirpus laeustris 
and niaritimus germinate little, or not at all, in pure water, but 
readily if the water is allowed to foul and become sour, or if the 
seeds are acted upon bv dilute acid or alkali (II and HO ions), 
especially at high temperatures. Thus after 2 hours in 0.3 mol. 
solution of acid at 40 deg. C., 75 per cent, germinated, whereas 
after 2 hours at 4-6 deg. C. only 3.4 per cent, germinated at 
the same subsequent temperature (25-27 deg. C.). Fischer con¬ 
siders that as the seed coat is permeable to water, salts and acid, 
the action must be a stimulating one exercised on the protoplasm 
of the seed by the hydrogen and hydroxyl ions. If so, the 
action might be suppressed by subsequent treatment with 
equivalent alkali after the acid. This is not the case. The 
treatment very possibly increases the permeability of the seed- 
coat to oxygen or water, and hence provides the requisite 
stimulus to germination. This explanation will suffice for all 


1 Lantlw., Versuchsst, xx., p. 7G. 

■> Her. <1. D. Hot Ges., 1907, bd. xxv., p. 10S 
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Fischer’s results, and at any rate seeds of Sayittaria lightly sand¬ 
papered, and then kept at 2^ deg. C. to .‘10 dec. C., between well- 
wetted filter paper, germinate readily. Since the above was 
writttn. ("rocker (Hot. (biz. 1907, p. 374) has shown that the 
difficulty of germinating the ripe seeds of various water plants is 
due not to any inherent dormancy of the protoplasm, but to the 
coats being imperfectly permeable, the seeds germinating readily 
when the coats are filed or broken. Fischer’s treatment, i.e., 
tho stimulation of H and HO ions, may perhaps enable the seed 
to germinate under the stimulus of a lower partial pressure of 
0 and a lower temperature than otherwise, but is not an essential 
condition for germination, which, given a free supply of oxygen 
and a sufficient temperature and supply of moisture, appears to 
bo readily induced in the ease of Sayittaria at least. Correvon, 1 
of Geneva, states that chemical stimuli, such as soaking in 0.25 
per cent, acetic acid or 2 per cent, phosphoric acid is necessary 
for the germination of the seeds of Junijieru* Crdras, but all 
such actions may bo the result of a change in the permeability 
of the coverings of the seed. 

It must be remembered that in some cases ait least seeds per- 
meable to water are covered before germination by continuous 
semipermeable membranes, and such membranes may prevent the 
entry of the requisite amount of oxygen, while allowing water to 
enter. Thus A. J. Brown 2 has shown that the inner part of the 
intact spermodenn of Hordeum , Arena , Tritieum and Secale 
forms a semi-permeable membrane which allows water and iodine 
to enter, but not solutions of sulphuric acid up to 36 per cent, 
strong th, or of hydrochloric acid or metallic salts up to 5 per cent. 
(1 per cent, nitric acid penetrated slowly), and even a-fter boiling 
tho seeds or treating them with iodine, the sulphuric acid may 
stiil bo unable to penetrate, nence the semi-permeable mem¬ 
brane is in this case a non-vital one, and it appears to be that 
part of the spermodenn which is derived from the epidermis of 
the nucellus. It may, in fact, be something of the nature of an 
internal cuticle. 

In the case of the paired burrs of Xanthium , one seed usually 
germinates in tho first year, the second in the next year, or some- 

1 Card. Chron., 1907. 

i Annals of Botany, vol. xxi., 11)07, p. 70. 
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times not till a year or two later. Crocker 1 2 considers that this 
is due to the greater impermeability of the seed coat of the later 
seed to oxygen. It is thicker than that of the earlier seed, and 
also more impermeable to water, though not sufficiently so to 
prevent, its becoming fully saturated after a day’s soaking. The 
double effect can be overcome by a temperature over 30 deg. C.. 
which brings about partial anaerobic respiration, and by favour¬ 
ing the absorption of oxygen hastens germination. The minimum 
temperature for the germination of the naked seeds is lft deg. C. 

Crocker has, however, overlooked the fact that both the early 
and late seeds of Xanthium echinatum will germinate at 20 to 25 
deg. C. if the temperature is maintained for 14 to 21 or more 
days, instead of for 8 or 9 days. Hence the temperature 
minimum for the germination of the later seeds is not as high 
as Crocker states (32-34 deg. C'.). Further, if the burrs are 
heated to 40 deg. C. for ai day, or to 50 deg’. C. for a few hours 
while soaking, a variable percentage of the later seeds will 
germinate within 10 days. Hence the action of the intact 
integument is merely to delay and not to prevent the germina¬ 
tion of the later seed at or near the minimum temperature for 
the earlier of each pair of seeds in the burr. 

According to Crocker, Xanthium seed kept dry for 1 year, and 
still more if kept in soil, germinates more slowly at 18-22 deg. C. 
with the coats removed than do fresh burrs. This certainly does 
not apply generally, since in very many old seeds there is no 
perceptible delay in germination if the seeds are soaked and 
kept at the right temperature. 

Light. That in practice various small seeds must be super¬ 
ficially sown to germinate well, and that this is directly or in¬ 
directly duo to their exposure to light is well known ; but 
whether there are any seeds which, whatever the other conditions 
may be, will not germinate unless exposed to light, is uncertain.- 
Seeds of Vhcnm album apparently only germinate when exposed 
to light (Wiesner), and the same applies to the seeds of Tobacco, 
according to Raciborski, and to those of Pan pratemsis and 
Apium yravrolens when fresh, according to Kinzel, 3 whereas 


1 not. Gazette, 1006, p. 273. 

2 For lit. see Pfeifer’s 1’hysiol., Kntf. 12d., vol. ii., p. S2. 

3 Kinzel, Her. d. 1>. Pot. Gen., 1007, bd. xxv., p. 2(50. 
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when older these seeds will terminate in darkness. On tlie 
other hand, certain seeds, such as those of Xigella sativa . X. 
damascena, Allium and Aspluuhlus were found by Kinzel to 
refused to terminate when exposed to strong light, and appeared to 
permanently lose their vitality if the exposure was prolonged. 
Further, if these seeds were exposed to one day’s gaslight after 
being 1 day moist in darkness, their germination was stopped, 
and could only be reawakened by treatment with proteolytic 
enzymes after drying and re-moistening, aided by aeration and 
high temperatures. Kinzel followed Acton’s conclusion that the 
loss of the power of germination was due to the destruction of 
the enzymes contained in the seed, but the evidence is not such 
as to warrant this conclusion, and the observation that treatment 
with enzymes may increase the percentage- germination of certain 
old seeds 1 may be the result of error or of an action on the seed 
coats. Jodin,- in fact, denied that light affected either the 
vitality or the germination of seeds, whereas Laurent 11 3 concluded 
that it retarded germination and injured the vitality of resting 
seeds. 

Delayed Germination and After Ripening.— According to 
Wiesner, 4 seeds of Viscum are ripe in autumn, but will only 
germinate the following spring. There is no visible change in 
the seed, but Wiesner supposes that during this time a production 
of ferment takes place which prepares the way for germination. 
Goebel 5 mentions that certain early flowering plants have seeds 
which contain immature embryoes. These slowly enlarge and 
ripen during summer, and are ready to germinate or to complete 
germination in the following spring. This applies to the seeds of 
E ran this hyemalis , Ranunculus Ficaria, Anemone G orydalis . 
and possibly also Stylidinm. Gagea and Erythronium , These 
seeds apparently have no resting period, hut mature slowly up 
to the time of germination. 


1 Thompson. Garten flora 45, 344. 1800: Watijfh, Ann. Rpt. Vt. A^r. Exp. St. 189(5-7 
Science, iv., s. (i, 950, 1897 : Sharpe, Mess. Hatch. Exp. St,, 1901, p. 74. See also Albo 
Archiv. Sei. Pby. et nat., 25, 1908, p. 45. 

2 Compt. rend., t. exxxv., p. 1229. See also Tamme, Landw. Jahrb., 1900, bd. xxix., 
p. 467. 

3 Coinpt. rend. t. exxxv., pp. 1091, 1293. 

4 Biol, de Fflanzen, 1902, p. 55. 

5 Organography, ii., p. 249, 1905. 

14 a 
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Nobbe and Hanlein 1 found that a largo number of seeds, 
.although soaked, only germinated after long intervals of time (3 
years in some cases), and considers that this is due to some 
change taking place slowly in the embryo during rest. The 
delay was, however, merely due to the low temperature. All the 
seeds in the list, when soaked, provided with oxygen and 
kept at 25-30 deg. C., begin to germinate in 1-30 days after 
absorbing water. Further, it is impossible to keep any of these 
seeds at a suitable germination temperature (20-30 deg. (’.) 
without their decaying long before 3 years have elapsed. Even 
if they aro frequently washed, which does not appear to have 
been done by the authors, in nearly all cases signs of decay can be 
seen within a month of soaking if the temperature is above 
20 deg. C., and usually before this. The fact that Nobbe and 
Hanlein found 9 out of 31 seeds gave germination percentages 
of nil or below 1 per cent, is sufficient to show that they did not 
work under proper conditions, for the plants mentioned are freely 
seeding ones, and two of them, Verba scum nifjrum and Plantatjo 
major , gave percentages of 42 and 64 per cent, within 3 weeks 
on germinating soaked seed at 25-30 deg. C. 

Nobbe and Hanlein found that seeds of Cheno pod i urn album 
and Chelidoninm majus mostly remained in the soil for 1 year, 
and some for 3 years before germinating. Here, again, all pro¬ 
perly soaked seeds kept at 25-30 deg. C. and freely aerated, 
germinate within a month, and by that time all the dead soaked 
seeds are distinctly decayed. 

Various observers have stated that seeds of Cucurhita and 
Allium germinate more readily and abundantly after keeping a 
year or more, or warming for a, time, than when fresh. This 
certainly does not apply to all samples of seed, and hence it is 
not easy to say whether we are dealing with a, manifestation 
of after ripening, or with some changes in the character of 
the seed coats. In some of the seeds examined by Duvel the 
fresh seed gave a lower percentage germination than the same 
seed examined a year later ; but this may have been due to 
imperfect methods. Such results as those for Lactnca Sea rial a , 
for instance, are obviously inaccurate, and in many eases Duvel 


1 Landw., Versuchsst, 1877, p. 63, 1880, p. 465. 
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gives widely different percentages fur the same seeds according 
to whether they were germinated in a green-house or in a control 
chamber, the percentages being sometimes much higher and 
sometimes much lower in the latter case than in the former. 
This can only be due to inaccurate work, and the same explana¬ 
tion possibly applies to the fact that the year-old air-dried seeds, 
and in some cases the buried ones, gave higher percentages than 
the same seeds when originally tested. Duvel took no precau¬ 
tions to meet the ease of hard, non-swelling seeds, and in some 
cases at least the seeds in question were ones with hard or more 
or less cuticularized coats. The weathering, softening, or abra¬ 
sion of the seed coats (or fruit-walls) by rendering them more 
permeable to water and oxygen, might easily cause a higher 
percentage germination of the older seed. This is, however, not 
a truo case of after-ripening, which is strictly a vital process 
taking place in the living contents of the seed. In other cases 
whero seeds are supposed only to germinate after being dried, 
the drying appears to act by causing cracks to appear in an 
otherwise impermeable integument. Crocker ( l.c .) has, in fact, 
shown that several oases of delayed germination supposed to be 
due to after-ripening are really due to the impermeable proper¬ 
ties of the seed coats. Thus Ascyris amaranthoide* has di- 
morphic.seeds, consisting of (a) flattened winged forms with per¬ 
meable coats, which germinate readiljq and (b) rounded forms 
with impermeable coats, which germinate only after considerable 
delay unless the seed coats are broken. In the case of Abutilon 
Avicenntae and f'henopodium album, the seed coats of otherwise 
similar seeds are unequally permeable, some swell at once, others 
only after prolonged soaking. The same is the case with the 
seeds of the Leguminosac in the f< regoing lists. The “hard" 
seeds are usually smaller than the readily swelling ones, but this 
is simply because they are drier ; when swollen the sizes are 
approximately the same, and in the act of swelling many of the 
“ hard " Acacia seeds often increase by 2 to 4 times the original 
bulk. 

In the case of Plantago major , P. Rueyelii , ThJaspi arreuse 
and Arena fatua , the delay in germination is also due to the 
seed coats, and can be overcome by removing or breaking them. 
When they are intact the minimum temperature for the germina- 
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tion of the first 3 seeds is above 22 deg. C., which would explain 
Xobbe and Hanlein’s results with these seeds. The seeds of 
Hawthorn are supposed not to germinate until after a year in the 
soil. Crocker obtained no definite confirmation or negation of 
this fact, but here also it appears to be a case of the slow dis¬ 
integration of the seed coats. 

The Condition of Resting Seeds .—The old idea that the com¬ 
plete suppression of every form of vital activity necessarily in¬ 
volved irrevocable death, led to the. assumption that in resting 
seeds respiration continued, though at a very low ebb. Jodin 1 
showed, however, that 20 peas containing as much as 11 per cent, 
of water, and linseed containing 12 per cent., produced a mere 
trace of carbon dioxide in four years. Kolkwitz 2 3 has recently 
shown in the case of Barley how rapidly the amount produced 
decreases as the percentage of moisture decreases. 

Barley . — 

Weight of seed. Temperature. Percentage of water. ^er ^Thom^ 

1 Kilogram - Summer - 19-20 p. c. - 3.59 mg. 

>» - j? _ 14-15,, -1.4,, 

„ - 10-12 „ - .35 „ 

„ - 50 deg. C. - 10-12 „ - 15.0 „ 

BecquereF finds that air-dried seeds give off small traces of 
carbon dioxide, and absorb traces of oxygen. Exposure to light 
increases this action, and the gaseous exchanges from the integu¬ 
ments of Ricinus are greater than from the seed from which 
they have been removed. Obviously here we are dealing with 
extraneous chemical oxidations not connected with vitality. In 
fact, the drier the seed the less the ‘‘respiration,” and in seeds 
capable of withstanding extreme desiccation the absence of 
moisture entirely prevents all gaseous exchanges. A priori this 
must be the case in all dry seeds covered with a continuous im¬ 
permeable cuticular layer. Thus no perceptible evolution of 
carbon dioxide could be detected from clean dry samples of 
Acacia seed containing less than 5 to 8 per cent, of water 


1 Compt. rend. d. l'Acad. des Sciences, t. 122, p. 1340, 185K5. 

2 Per. d. I> Pot. (!es., 1001, vol. xix., p. 2S5. 

3 Compt.es rendus, t. cxliii., 100G, p. 074. 
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(.4. dccilbaia . Ionrjffolia). Such seeds when preserved in a dry 
atmosphere seem to steadily lose water until ultimately as dry 
as if kept in a desiccator. Tt is as though the cuticle allowed 
traces of water to escape externally, but none to enter. Tims 
fresh air-dried Acacia seed contained 5 to 14 per cent, of mois¬ 
ture. wlureas 10 to 20-year-old seed of A. myrtif olia. A. lonejx- 
folia , A. aniHita and A . dealhata contained only from 0.9 to 3.2 
per cent., and 50-year-old seed of A. myrti folia and A, Ion gi¬ 
f'olia. after heating to 100 deg. C. for half an hour to drive off 
adherent moisture, lost no further weight after 3 days at 100 
deg. O., and only 0.7 per cent, after 1 day at 110 deg. 0. Fino 
capillary glass tubes show a greater loss of weight than this, 
owing to the adherence of condensed moisture, more especially 
to their internal surfaces. Hence old dry cuticularized macro¬ 
biotic seeds become drier than corresponding inorganic material. 
However dry the seeds may be, they cannot indefinitely prolong 
their vitality. Fven the most resistant seeds after 50 to 100 
years show a pronounced decrease in the percentage germination, 
and the general trend of the curves is such as to show that the 
probable extreme duration of vitality for anv known seed may 
be set between 150 and 250 years (Leguminosae). Probably the 
maximal duration for Malvaceae and Nymplieaceae lies between 
50 and 150 years, while for Myrtaceae and the orders containing 
only one or two macrobiotic seeds it is doubtful whether the 
limit appreciably exceeds 50 years. Even when perfectly inert 
a macrobiotic seed is subject to- slow and gradual molecular 
changes and rearrangements, such as take place in glass or wood 
in the prugress of centuries, and these changes cannot take place 
in the contents iff the seed without destroying the molecular 
arrangements and groupings requisite for the restoration of life 
Once this has taken place no ferment, no physical or chemical 
condition can bring about germination. 

General Summary of Tabulated Results. For purposes of 
convenience we may divide seeds into 3 biological classes, accord¬ 
ing to their duration of life under optimal conditions. These 
are short lived or microbiotic seeds whose duration does not 
exceed 3 years, mesobiotic seeds which may last 3 to 15 years, 
and macrobiotic seeds which may last from 15 to over 100 years. 
The first two are the more numerous groups, and the boundary 
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between thorn is somewhat ill-defined. Occasionally seeds such 
as wheat or barley, which are really mesobiotie, may come close 
to, or even under special conditions pass the limit of, 15 years, 
but since they are usually dead by this time they come properly 
under the head of mesobiotie seeds. The macrobiotic seeds 
are less numerous, are characterised by cuticularised or more or 
less impermeable seed coats, and are restricted to a few natural 
orders, of which the Leguminosae greatly surpass all others 
while Malvaceae and Myrtaceae come next in importance. Here 
again a few seeds come into this class which, under natural 
conditions, do not belong to it. since only seeds which have 
impermeable coats can survive for long periods of time in the 
soil. 


MACROBIOTIC SEEDS. 


Leguminosae. 


Acacia acinacea 


alata 

aneura 

armata 

bossiaeoides 

brachybotrya 

calamifolia 

cornigera 

dealbata 

decurrens 

diffusa 

Doratoxylon 

elata 

farnesiana 

glaucescens 

lanata 

lanigera 

leprosa 

longifolia 

melanoxylon 

montana 


myrtifolia 

nerii folia 

nervosa 

penninervis 

pentadenia 

saligna 

Sim sii 

suaveolens 

verniciflua 


Albizzia lophantha 
Alhagi camelorum 
Astragalus Antiselli 


brachyceras 

glycyphylloides 


Bossiaea heterophylla 
Caesalpinia Bonducella 
Canavalia ensiformis 
obtusifolius 
Cassia australis 


bicapsularis 

Brewsterii 


Lo ngev i ty of S<< < Is. 
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laevigata 
pleuroearpa 
►Sopliera 
Cicer arietinum 
Coronilla Mitchelli 
laburnih >lia 
ramosissima 
vitellina 
Cytisus albus 
austriacus 
biflorus 
can dicans 
triflorus 

Daviesia cordata 
corymbosa 
crenu Ultra 

Desman thus bracliv Johns 
Dillwynia ericifolia 
floribunda 

(?) Dioclea parviflora 
Dolichos funarius 
Erythrina indica 
Vespertilio 
Eutaxia orientalis 
Galega orientalis 
Genista anglica 
Spacliiana 

Gompliolobium latifolium 
minus 

Goodia lotifolia 
Hardenbergia monophylla 
Hovea heterophylla 
linearis 
longifolia 

Tndigofera australis 
cytisoides 
signata 

Jacksonia spinosa 
tliesioides 


Kennedya monophylla 
prostrata 
rubiciinda 
Lens esculenta 
Leucaena leucorephala 
pulverulent a 
Lotus corniculatus 
tetragnnolobus 
Medicago denticulata 
lupulina 
sativa 
scu tel lata 
truncatula 
Melilotus alba 
Bonplandi 
gracilis 
messaniensis 
oflicinalis 
parviflora 
Mimosa asperata 
distacliya 
glome rata 
pudica 

Mirhelia oxyloboides 
reticulata 

Oxylobium Callistacbvs 
cuneatum 
ellipticum 
lineare 
parviflorum 
irilobatuni 
Phaseolus Mungo 
pilosus 

Phylacium bracteosum 
Pithecolobium pruinosum 
Poda 1 v l i a Cralyp t ra t a 
sericea 

Psoralea pinnata 
Pultenaea baeckeoides 
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daphnoides filiforme 

retusa glomeratuni 

stipu laris pratense 

villosa strictum 


Rhyncliosia minima 
Swainsona galegifolia 
Trifolium agrarinm 

arvense 

elegans 

subterraneum 

Yicia grandiflora 

Vigil a glabra 

Viminaria denudata 

Malvaceae. 

Abutilon Avicennae 
(?) indicum 
(?) Mitchelli 
oxycarpum 
Gossypium Sturtii 
Hibiscus heterophyHus 
panduraefonnis 
Trionum 

Kitaibelia vitifolia 

Lavatera arborea 

cretica 

plebeia 

Malva rotundifolia 

M a 1 vast r u m v i ti fo 1 i u m 

Modiola multifida 

Myrtaceae. 

Callistemon lanceolatus 
rigidus 

Eucalyptus calophylla 
cornuta 

diversicolor 

globulus 

goniocalyx 

Eucalyptus leptopoda 
miniata 

obcordata 

punctata 

rostrata 

tereticornis 

Leptospermum scoparium 

Nelumbium luteum 

Nympiieaceae. 

Nymphaea gigantea 

speciosum 

Labiatae. 

Nepeta botryoides 
Stachys nepetifolia 

Nepeta Cataria 

Iris sp. 

1 RIDEAE. 

Watsonia Meriana 


Longevity of Seeds. 


203 


El’IMIOKBlACKA K. 
Euphorbia Peplus 


POLYGOXACKAE. 
Emex spinosa 


Gekaxiackai-;. 
Impatiens Balsnmina. 


Stehculiaceae. 

11 ermannia annularis. 


Good kx i ace a e. 
Scaevola Honkeri. 


Tiliaceae. 
Entelia arbnrescens. 
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APPENDIX. 


The Occurrence of an Impermeable Cuticle on the 
Exterior of Certain Seed*. 


By JEAN WHITE, M.Sc. 

(Government Research Scholar). 


Whenever possible, Professor Ewart passed on to me specimens 
of those seeds which he found needed special treatment before 
they were capable of imbibing water, and consequently swelling. 
For the investigation of the cause of this impermeability a 
method was adopted which was somewhat similar to that em¬ 
ployed by Bergtheil and Day in their researches on the 
hardness of the seeds of T ndigofera arrecta. 1 The great 
majority of the seeds which exhibited this resistance were from 
plants belonging to the family Leguminosae . In several of the 
Malvaceae , the same phenomenon was observed, and also in a 
somewhat doubtful case of a species of Chenopodium. 

Method of Experimenting. The seeds were soaked in water 
for a time, varying from one to seven days. 

In the majority of cases none of the seeds swelled, though 
commonly a small proportion did so. and in a very few instances, 
practically all swelled, so that it was quite difficult to obtain 
unswelled specimens for investigation. The unswelled seeds 


1 Annals of Botany, vol. \xi , Jan., 1907. 
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were removed fr«m the water, and hand sections were cut of the 
seed-coat. These sections were stained on the slide with chlor- 
zinc-Iodine, and the stain, after remaining for one to two 
minutes, was washed off with glycerine water. Examination of 
the sections showed that in every instance, almost without excep¬ 
tion, a structureless cuticle was observable on the exterior of the 
seed coat. The cuticle was clear and well defined, becoming 
stained bright yellow, while the cell-walls of the subjacent pali¬ 
sade tissue assumed the characteristic violet or bluish tint of 
cellulose. The internal contents of these cells were, like the 
cuticle, stained yellow. In nearly all .cases sections were also 
prepared from the swelled specimens, disclosing the fact that in 
some no cuticle at all was developed, presumably due to the 
immature condition of the seeds ; whilst in others the cuticle 
appeared to be well developed, indicating that the seed had been 
injured and the cuticle broken at some point or points, rendering 
it permeable at that point or points. 

In every instance the cuticle was easily distinguishable when 
stained with chlnr-zinc-iodine, but Bergtheil and Day were unable 
to discern the cuticle in the seeds of I ndigofera arrecta when 
using this reagent, and in order to render the cuticle visible they 
employed a solution of Iodine in Phosphoric acid. Following on 
their method, I made up some of this stain, but though the 
results were always satisfactory, in no instance was the differen- 
liation so complete as when ehlor-zinc-iodine was used. This 
suggested the possibility that the ehlor-zinc-iodine solution used 
by Bergtheil and Day might not be of the correct consistence, 
and I obtained seeds of Indigofera arrecta in order to test them 
with my solution. I found that I obtained the same results as 
when the other seeds were used, so that it was evident that the 
chlor-zinc-Iodine solution used by Bergtheil and Day was at fault. 
A distinct cuticle was present in the I ndigofera arrecta , whilst 
there was no trace of a cuticle structure in the sections of 
Indigofera sumatrana, treated with chlor-zine-iodine solution. 

In some of the seeds examined, notably those of Lahiclaa 
lanceolate* , tho whole of the structureless cuticle did not appear 
to be specially rexistent, but there was a narrow edge on the free 
side of tho cuticle which stained a deeper yellow, and which on 
treatment with strong sulphuric acid, disintegrated into sog- 
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merits. It appeared to be in this edge that the extreme im¬ 
permeability of the seed coat was located. 

The variations in the resisting powers of the different seeds 
are very curious, and as will be noticed in the accompanying 
table*, the thickness of the cuticle does not seem to be solely 
responsible in determining the powers of resistance to swelling. 
Naturally the quality and degree of impregnation of the cuticle 
is as important a* its thickness. As an example of this a few 
cases of different species of Acacia may be cited. 

Thus the thickness of the cuticular layer of Acacia diffusa, as 
measured by the eyepiece micrometer was .042 mm., whilst that 
of Acacia ylauce.sceas was .022 mm. In the former ease soaking 
for 0.5 hours in acid was sufficient to produce swelling of 
the seeds when put into waiter ; but in the latter case none of the 
seeds swelled in water unless they had been previously soaked in 
sulphuric acid for 1.5 hours. 

As a general rule in small and medium-sized seeds, the cuticle 
is well developed, and represents the impermeable part of the 
seed coat, while in the case of large seeds, such as those of 
Adansfmia dreyarii, Mncuna yiyantea, Wistaria Maiden- 
iaua and Oudnndina Bonducella. the cuticle is relatively unim¬ 
portant and inconspicuous. In these seeds the extreme resist¬ 
ance which they exhibit appears to be located in the palisade 
cells. The above conclusions were arrived at as a result of 
further experiments which were carried out w'ith the seeds. 

The unravelled seeds, after several days’ soaking in water, w^ere 
placed in strong sulphuric acid and left there for about 15 
minutes. They were removed, and again placed in water, in 
which they remained for a day. Immersion for 15 minutes in 
nearly every case proved to be insufficient to render them per¬ 
meable, and consequently they were replaced in the sulphuric 
acid for 10 or 15 minutes again. Half a.n hour’s immersion in 
the acid was found to be adequate for most of the seeds, there 
being a small minority which required further soaking in acid 
for 15 to 60 minutes longer. The minimum times required for 
the different varieties of seeds to be soaked in acid before they 
are capable of imbibing water are stated in the accompanying 
tables. Directly a seed was seen to have swelled in w T ater, a 
section of the seed coat was cut, with the result that in the 
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majority of smaller seeds the palisade layer was observed to be 
quite intact, whilst the cuticle had been in some eases wholly, 
but in the greater number of c.ases partially, dissolved away by 
the acid. 

But it was different with the larger seeds ; for sections of the 
seed coat cut after swelling showed that the palisade tissue was 
eaten away by the acid, and ordinarily it was practically all gone. 

Before ancl during swelling, almost without exception, a mem¬ 
brane peeled off the seeds, which in the smaller seeds appeared 
to be the cuticular layer only, and in the larger consisted of the 
palisade cells and the very inconspicuous cuticle. 

The most resistent seed of all those which I tried was that of 
Adansunia Gregorii. Professor Ewart found that his specimens 
swelled after 6'hours soaking in sulphuric acid, but in the case of 
a different sample with which I experimented, immersion in acid 
for that period of time produced no perceptible effect whatever. 

The actual results of my experiments have been put down in a 
tabular form, and the accompanying figures represent sketches of 
the sections of the seed coa.ts of one species of each genus of 
most of the seeds used. 


Name of Seed. 

^Minimum time in 
sulphuric acid to 

Thickness of 


produce swelling. 


Abutiion oxycarpum - 

.5 hours - 

.030 mm. 

Acacia brachybotrya - 

- .42 „ 

.019 „ 

Acacia* calamifolia 

- 1 

.060 „ 

Acacia diffusa 

.5 

.042 ,, 

Acacia glaucescens 

- 1.5 

.022 „ 

Acacia iteaphylla 

.5 

.OOb 

Acacia leprosa - 

.5 

.015 „ 

Acaciaj longifolia 

- 1 

.030 „ 

Acacia montana - 

- .42 

.015 

Acacia myrtifolia 

- 1 

.019 „ 

Acacia penninervis 

.75 

.030 „ 

Acacia retinodes 

- 1 

CO 

q 

Acacia verniciflua 

.42 „ 

.016 „ 


* In practically all oases the time of immersion can he doublet] or more than trebled 
without appreciable injury to the seed, the subsequent swelling in water being natnralh 
more rapid. 
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Adansonia Gregorii 
Albizzia lophnntha 
Albizzia pruinosa 
Albizzia Saman - 
Alhagi oainelorum 
Barklya svringifolia - 
Bossirca hetemphylla - 
Bossia-a Stephens* mi - 
Canavallia obtusifolia - 
Cassia australis - 
Cassia Brewsterii 
Cassia eremophila 
Cassia laevigata - 
Cassia suffruticosa 
Ceratonia siliqua 
Chenopodium album - 
Crotalaria Mitchellii - 
Cytisus alb us 
Cytisus tridorus 
Daviesia parviflora 
Dillwynia ericifolia 
Dillwyuia floribunda - 
Dolicbos sinensis 
Ervthrina Vespertilio - 
Gompholobium latifolium 
Goodia loti folia - 
Guilandina Bonducella 
Hibiscus heterophvlla 
Hibiscus Lanipas 
Hibiscus tiliaceus 
Hibiscus Trionum 
Iiovea heterophylla - 
Hovea longifolia 
Indigofera arrecta 
Kennedya monophylla 
Kenncdya prostrata - 
Kydia (Bastardia) Caracas 
Labichea lanceolata - 
Labial) purpureus 


- 

6? hours 


.012 

- 

.5 

- 

.011 

- 

1 

- 

.011 

_ 

.5 

- 

.026 

- 

.5 „ 

- 

.002 

- 

A 

- 

.011 

- 

.5 

- 

.012 

- 

.5 

- 

.011 

- 

.42 

- 

.003 

- 

.25 „ 

- 

.041 

- 

•25 „ 

- 

.042 

- 

•25 „ 

- 

.012 

- 

.25 „ 

- 

.008 

- 

•25 „ 

- 

.009 

- 

•25 „ 

- 

.009 

- 

? 

* '5 

- 

.012 

- 

.5 

- 

.018 

- 

.5 

- 

.004 

- 

.5 

- 

.005 

- 

1.5 „ 

- 

.002 

- 

E5 „ 

- 

.003 

- 

1.5 

- 

.003 

- 

.42 „ 

- 

.002 

- 

.75 „ 

- 

.002 

- 

.20 

- 

.013 

- 

1.42 

- 

.022 

- 

1 

- 


- 

1 

- 

.008 

- 

1 

- 

.026 

- 

•42 „ 

- 

.019 

- 

.5 

- 

.023 

- 

.42 „ 

- 

.020 

- 

.5 ,, 

- 

.023 

- 

.5 

- 

.008 

- 

1.5 „ 

- 

.002 

- 

1.5 

- 

.013 

- 

•5 

- 

.005 

- 

.42 „ 

- 

.044 

- 

•5 ,, 

- 

.030 


mm. 
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Lathyrus maritimus - 
Lav at era pie be i a 
Maba serioearpa 
Malva rotundifolia 
Medioago denticulata - 
Me>dicago saliva 
Mirbelia oxyloboides - 
Muouna gigantea 
0xylobium trilo bat urn 
Pultenaea daphnoides 
Pultenaea retusa 
Pultenaea stipularis - 
S wa in s o na gal e gif o 1 i a 
Trifolium glomeratum 
Wistaria Maideniana - 


.42 

hours - 

.002 

mm, 

1.5 

V 

.020 


.40 

„ 

.006 

a 

.5 

if 

.004 


.42 

a 

.005 


.4 

a 

.00G 

a 

.5 


.013 

,, 

81 

,, 

? 


.42 

if 

.015 

,, 

1 

,, 

.00G 

,, 

1 

,, 

.009 

n 

1 

,, 

.004 

,, 

1 

,, 

.003 


.25 

,, 

.009 

,, 

6? 

a 

? 

a 


EXPLANATION OF PLATES. 


All are vertical sections through the epidermis and subjacent 
layer. 

The cuticle is drawn roughly to scale, and is depicted as a deep 
black line forming the upper border in ench drawing 


1. — Abutilon oxyearpum, F. v. M. 

2. - Acacia mvrtifolia., Willd. 

3. —Adansonia Gregorii, F. v. M. 

4. —Albizzia Saman, Benth. 

5. — Alhagi camelorum, Fisch. 

6. — Barklva syringifolia, F. v. M. 

7. —Bossima Stephensoni, F. v. M. 

8. —Caesalpinea Bonducella, Fleming. 

9. —Oanavallia obtusifolia, D. C. 

10. — Cassia Brewsterii, F. v. M. 

11. — Ceratonia, sp. 

12. — Chenopodium album, L. 

13. — Crotalaria Mitchellii, Benth. 

14. — Cytisus albus. Link. 

15. — Daviesia parvifolia;, F. v. M 
1G. Dilhvvnia floribunda, S. M. 
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Plate r. 






























































